Introduction
============

COPD is characterized by chronic airflow limitation, which is not fully reversible, generally progressive, and associated with an inflammatory pulmonary response to toxic particles and gases. The systemic impact is severe.[@b1-copd-12-1989] This disease presents in a wide variety of forms, and the concept that distinct COPD phenotypes can be identified, each with its characteristic clinical, prognostic, and therapeutic impact, is well established.[@b2-copd-12-1989] In Spain, the GesEPOC guidelines (Spanish COPD guidelines published by the Spanish Society of Pulmonology and Thoracic Surgery, which aim to establish standard recommendations for the management of the disease in Spain) propose 4 phenotypes, each with a different prognosis and therapeutic approach: the non-exacerbator phenotype (with emphysema or chronic bronchitis); the asthma-COPD overlap syndrome (ACOS); the exacerbator phenotype with emphysema; and the exacerbator phenotype with chronic bronchitis.[@b3-copd-12-1989]

Tobacco use is widely accepted as the major risk factor for the development of COPD.[@b4-copd-12-1989] Exposure to tobacco smoke may also act as a differential factor in the various phenotypic expressions of the disease, and evidence suggests that a phenotype derived from smoking may be different from one caused by other environmental factors.[@b5-copd-12-1989]--[@b7-copd-12-1989] Active smoking has been associated with COPD severity, quality of life, and comorbidities, although some results are controversial. For example, some authors report a positive relationship between active smoking and a higher rate of admission due to acute exacerbation, but others have not confirmed this finding.[@b8-copd-12-1989]--[@b11-copd-12-1989] The impact of smoking on patients' quality of life has also been a topic of discussion,[@b12-copd-12-1989]--[@b17-copd-12-1989] with previous reports indicating a lower mental[@b13-copd-12-1989],[@b14-copd-12-1989] and physical[@b16-copd-12-1989] functional status in current smokers and an improvement of health-related quality of life after smoking cessation,[@b15-copd-12-1989],[@b17-copd-12-1989] although other studies have shown the opposite results.[@b18-copd-12-1989],[@b19-copd-12-1989]

The primary objective of this study, conducted under the auspices of a large trial aimed primarily at describing the distribution and characteristics of the different COPD phenotypes in Spain, was to examine the cross-sectional prevalence of active smoking among the various COPD phenotypes; the secondary objective was to determine the relationships between the smoking habit, COPD phenotypes, and major demographic and clinical variables, such as quality of life, disease severity, and presence of comorbidities.

Patients and methods
====================

Study design and sample
-----------------------

This was an observational, cross-sectional, multicenter study performed in Pulmonology departments and other specialist units (Internal Medicine, Family and Community Medicine, and Occupational Medicine) throughout Spain. The aim of this study was to determine the prevalence and characteristics of the 4 COPD phenotypes established by GesEPOC[@b3-copd-12-1989] in Spain. Each investigator was requested to include the first 6--8 unselected (consecutive) patients that fulfilled the selection criteria during the 90-day recruitment period. The study was approved by the Clinical Research Ethics Committee of the Hospital San Pedro de Alcántara in Cáceres, and patients gave written informed consent before participating. In this study, we examined the rates of active smoking and its relationship with COPD phenotype and factors influencing disease prognosis (severity, comorbidities, and quality of life). Patients were included if they were over the age of 35 years and had a clinical and functional diagnosis of COPD according to Global Initiative for Chronic Obstructive Lung Disease (GOLD) or GesEPOC criteria at least 6 months before participation in the study. Patients with symptoms of COPD exacerbation or who had had an exacerbation within the previous 6 weeks which could interfere with their perception of quality of life and functional status, those with any type of chronic respiratory disease other than COPD, or who had difficulty reading or understanding the study questionnaires were excluded from participation.

Sociodemographic and clinical variables
---------------------------------------

Each investigator was trained in the study procedures and questionnaires and used a case report form (CRF) to collect the demographic details of each patient and the clinical variables required for the study. The GesEPOC algorithm was used to determine COPD phenotype.[@b3-copd-12-1989] This algorithm, classifies the phenotype according to the following rules: A) patients with \<2 exacerbations in the previous year were classified as non-exacerbators; B) patients with a previous diagnosis of asthma were considered as ACOS; C) exacerbators with emphysema that have a clinical/radiological/functional diagnosis of emphysema; and D) exacerbators who experienced cough with expectoration for \>3 months of the year over 2 consecutive years were classified as exacerbators with chronic bronchitis. The schematic algorithm was provided to all the investigators ([Figure 1](#f1-copd-12-1989){ref-type="fig"}).

Patients were asked about their smoking habit and were classified as nonsmokers, ex-smokers, and active smokers. COPD severity was measured using the BODEx index.[@b20-copd-12-1989] Quality of life was assessed with the COPD Assessment Test (CAT).[@b21-copd-12-1989] Finally, comorbidities present at the time of data collection were evaluated.

Statistical analysis
--------------------

COPD phenotype distribution was calculated using a descriptive analysis, with percentages and binomial 95% confidence intervals (95% CIs). Qualitative variables were compared using Fisher's exact test, and quantitative groups and variables were compared with the Student's *t*-test (for 2 groups) or the one-way analysis of variance (ANOVA) (for 3 or more groups). A logistic regression method was used to model the probability of being a smoker in relation to comorbidities (arrhythmia, coronary artery disease, heart failure, hypertension, dyslipidemia, diabetes mellitus, osteoporosis, and dementia), CAT score, serious exacerbations, and BODEx index. After stepwise analysis, the adjusted odds ratios (ORs) were calculated using multivariate logistic regression. Only significant associations are shown in the tables. All calculations were performed using the SAS statistical package version 9.4 for Windows, establishing a level of significance of 0.05.

Results
=======

A total of 268 respiratory medicine specialists, 177 primary care physicians, 34 internists, and 1 occupational medicine specialist participated in this study. They recruited 1,610 patients (see [Tables 1](#t1-copd-12-1989){ref-type="table"} and [S1](#SD1-copd-12-1989){ref-type="supplementary-material"} for patients' characteristics), predominantly men (82.13%) with a mean age of 66.71 years (95% CI: 66.24--67.19). Of these, 55.41% (95% CI: 52.98--57.84) stated they were active smokers, with a smoking index of 65.02 pack-years (95% CI: 59.62--71.41), and a mean forced expiratory volume in 1 second (FEV~1~) (%) of 54.70% (95% CI: 53.90--55.51). Seventy-one percent of patients had dyspnea grade ≤2, a mean BODEx index of 2.75 (95% CI: 2.65--2.85), and a mean CAT score of 22.04 (95% CI: 21.43--22.66). Finally, 83.79% had comorbidities, the most common being arterial hypertension (62.90%) and diabetes mellitus (31.7%).

With regard to phenotype distribution, 46.70% (95% CI: 44.26--49.14) were classified as non-exacerbators, 14.53% (95% CI: 12.81--16.25) as ACOS, 16.37% (95% CI: 14.56--18.18) as exacerbators with emphysema, and 22.40% (95% CI: 20.36--24.43) as exacerbators with chronic bronchitis ([Figure 2](#f2-copd-12-1989){ref-type="fig"}). Significant differences were found in the distribution of sexes by phenotype; the most pronounced being in the ACOS phenotype, in which there were almost twice as many women as men (21.7% vs 13.0%, respectively, *P*=0.002). Mean age among the phenotypes was significantly lower in the ACOS than that of exacerbators with chronic bronchitis ([Table 2](#t2-copd-12-1989){ref-type="table"}).

Active smoking
--------------

The frequency of active smoking by phenotype and its impact on quality of life, disease severity, and comorbidities were compared ([Table 2](#t2-copd-12-1989){ref-type="table"}). The group of nonsmokers accounted for only 2.9% of the total patient population; therefore, we decided to perform the remaining analyses on the basis of 2 groups only (active/nonsmokers + ex-smokers \[nonactive smokers\]). Even so, it is interesting to note that overall 9.1% of the female population had never smoked, whereas only 0.6% of all men had never smoked; this difference was statistically significant (*P*\<0.001). Active smokers were predominant among the exacerbator phenotypes with emphysema and with chronic bronchitis (58.91% and 57.67%, respectively, *P*=0.03). The impact of active smoking on patients' quality of life was found to be significantly positive, according to the CAT scores (20.51 \[95% CI: 19.62--21.41\] vs 23.33 \[95% CI: 22.50--24.15; *P*\<0.001\]). This relationship remained significant for each of the items making up the CAT scale. When this correlation was analyzed for the different phenotypes, we found that while active smokers consistently had a better CAT score, it was statistically significant only in the more common phenotypes, that is, non-exacerbators and exacerbators with chronic bronchitis. In contrast, when the relationship between active smokers and dyspnea severity was analyzed, active smokers were seen to have a significantly greater dyspnea grade (1.83 \[95% CI: 1.77--1.899\] vs 1.69 \[95% CI: 1.62--1.76\]; *P*=0.002). When this relation was assessed according to the different phenotypes, it was only maintained in the group of exacerbators with chronic bronchitis (2.21 \[95% CI: 2.09--2.33\] vs 1.92 \[95% CI: 1.80--2.00\]; *P*=0.001). No differences were found in the BODEx score with respect to active smoking (2.82 \[95% CI: 2.68--2.96\] vs 2.67 \[95% CI: 2.52--2.82\]; *P*=0.73). Finally, no differences were observed in the presence of comorbidities according to smoking habit, although active smokers tended to have a higher comorbidity burden; this difference was significant among patients classified as exacerbators with chronic bronchitis ([Table 2](#t2-copd-12-1989){ref-type="table"}).

Multivariate analysis showed that higher CAT scores were negatively associated, whereas BODEx score was positively associated with active smoking ([Table 3](#t3-copd-12-1989){ref-type="table"}). Among comorbidities, osteoporosis was the only one associated with the probability of an individual being a smoker (OR =1.61, Wald 95% CI: 1.45--2.26).

Discussion
==========

The results of this study are derived from a larger study designed to describe phenotype distribution among patients with COPD throughout Spain. In comparison with other studies of Spanish series,[@b22-copd-12-1989],[@b23-copd-12-1989] we found that while the proportion of patients with ACOS in our cohort was still around 15%, a greater proportion of patients were described as exacerbators (around 40% compared to 20% reported in other studies), and fewer were stable phenotypes (45% vs 65%). It is difficult to determine the reason for this discrepancy as the definition used to characterize the exacerbator phenotype was the same in all studies (presence of at least 2 exacerbations in the last year or 1 hospitalization for acute exacerbation). The difficulty in precisely defining "exacerbation" may have contributed to this discrepancy. Evidence shows that exacerbations are often underreported because many patients with COPD may have difficulty in recognizing their symptoms as exacerbation, and accordingly, tend not to report them.[@b24-copd-12-1989],[@b25-copd-12-1989] Langsetmo et al, for example, evaluated the incidence of reported and unreported exacerbations in a cohort of 421 patients with COPD and showed that less than one third of the exacerbations were reported, being that the number of symptoms at onset was the most important predictor of reporting.[@b24-copd-12-1989] However, Hurst et al, in one of the largest studies conducted to determine susceptibility to exacerbations in stable patients with COPD over a period of 3 years, established that the incidence of exacerbations was 22% in patients with moderate COPD, rising to 47% in severe cases.[@b25-copd-12-1989] According to the study authors, this incidence would have been much greater if untreated exacerbations had been computed along with treated events. In any case, the clinical implication of these results could be important. An action plan to help patients recognize changes in their symptoms, to implement self-care, and to self-initiate prescription in the event of an exacerbation has been suggested as a promising strategy.[@b26-copd-12-1989]

Existing evidence shows not only that smoking is the primary etiological cause of COPD, but also that it can also lead to faster decline in lung function if the habit continues; even so, the proportion of smokers among patients with COPD remains higher than among the general population.[@b27-copd-12-1989] Recent studies performed in the USA found smoking rates between 35% and 45% among adult patients with COPD.[@b28-copd-12-1989],[@b29-copd-12-1989] In our series, the prevalence of active smokers is 55%, contrasting with reports recently published in Spain that set it at about 25%.[@b22-copd-12-1989],[@b23-copd-12-1989] Perhaps these differences reflect differences in data collection methods. Different ways of classifying a smoker as active may have a significant influence on the results of studies conducted in these patients, and hinder comparison among the different papers.[@b30-copd-12-1989] However, a good level of agreement has been shown between smoking statuses based on self-reported and serum cotinine measurements.[@b31-copd-12-1989] In any case, the proportion of active smokers among patients with COPD is still unacceptably high, particularly when we consider that one of the key objectives established by GOLD guidelines in the management of these patients is smoking cessation.[@b1-copd-12-1989]

Results on smoking and phenotype distribution among patients with COPD show that a significantly higher proportion of patients with exacerbator phenotype are active smokers. Previous data indicate that patients with greater susceptibility to viral infections are more prone to exacerbations, and this susceptibility appears to be associated with their smoking habit.[@b32-copd-12-1989] The viral load during acute exacerbations of COPD has been detected as significantly higher than in stable state.[@b33-copd-12-1989] Moreover, a recent study has demonstrated an upregulated expression of ICAM-1 (major receptor for 60% of human rhinoviruses and *Haemophilus influenza*, two major pathogens in COPD) in the respiratory tract of smokers and especially in the airway epithelium in subjects with chronic airflow obstruction. This finding could reinforce the relation between active smoking, viral infection, and frequency of exacerbations.[@b34-copd-12-1989] However, conflicting data about this association still persists. For example, Hurst et al,[@b25-copd-12-1989] in a study that evaluated the impact of certain factors (ie, demographic and clinical characteristics, lung function, and laboratory and biomarkers values) on susceptibility to exacerbations found that while there was some relationship between active smoking and susceptibility to exacerbations, this association disappeared after multivariate analysis, showing that the link was not independent and may have been influenced by interactions with other variables, such as previous exacerbations, disease severity, health status, history of gastroesophageal reflux, and white cell count.[@b25-copd-12-1989] This discrepancy has also been observed in series recently published in Spain.[@b22-copd-12-1989],[@b23-copd-12-1989] Although Miravitlles et al[@b22-copd-12-1989] did report a higher rate of smoking among exacerbators, Cosio et al[@b23-copd-12-1989] failed to identify such an association. In our series, patients over the age of 50 years, who were significantly heavier smokers, were predominant in these phenotypes, and this may have affected the results.

When the impact of smoking on patients' quality of life was analyzed, we were surprised to find that former smokers obtained a poorer CAT score. Moreover, the fact that the groups that smoked most, that is, older patients and exacerbators, reported a worse quality of life makes this finding even more difficult to understand. Although most studies have found an inverse relationship between smoking and quality of life, this has not always been the case. Some studies have found that while many smokers attempt to give up their habit, many others continue to smoke as they associate the habit with psychological well-being, relaxation, and relief of stress.[@b18-copd-12-1989],[@b19-copd-12-1989] These factors may lead to a mistaken perception of quality of life on the part of the patients themselves. Wijnhoven et al also observed that quality of life was positively affected by active smoking. These authors associated it with the fact that patients with a better perception of their disease (less symptomatic) may wait longer before quitting smoking than patients with more severe symptoms.[@b35-copd-12-1989] These differences might perhaps not have been revealed if the dynamics of this variable over time had been evaluated. Shields et al in a longitudinal study that analyzed the dynamics of smoking cessation between former smokers and nonsmokers concluded that a relatively long period of time was needed before quitters achieved level of comfortable life similar to those of individuals who have never smoked. Thus, the authors assert that it is difficult to extract conclusions on these measurements from cross-sectional studies.[@b15-copd-12-1989] Ståhl et al also failed to find differences in quality of life associated with smoking habit among patients with COPD and suggest that the degree of disease severity is a metric with greater impact in this entity.[@b36-copd-12-1989] The discordance is deepened further by the fact that dyspnea severity is significantly associated with active smoking. Several studies have cast doubts on the equivalence between dyspnea grade and CAT score in the evaluation of disease involvement.[@b37-copd-12-1989],[@b38-copd-12-1989] Indeed, recent evidence shows that the isolated use of CAT as a tool to establish the impact and severity of COPD may be inappropriate, given the difficulty of establishing definite cutoff points for a sufficiently sensitive and specific classification of patients according to their severity.[@b39-copd-12-1989] Our results appear to support this premise. Finally, we should mention the limited representation among our series of nonsmokers, which prevented us from analyzing the influence of this population on the final results.

COPD is often associated with other diseases and a great deal has been written about the systemic effects of the disease itself and how these clearly increase pressure on health care resources and the risk of death. COPD was associated with other diseases in up to 80% of the patients in our series, the most common comorbidity being arterial hypertension; these data coincide with the findings of most previously published studies.[@b40-copd-12-1989],[@b41-copd-12-1989] When comorbidities were analyzed according to the use of tobacco, it was found that patients with osteoporosis were more likely to be active smokers. Osteoporosis has been recognized as one of the major noncardiovascular comorbidities associated with COPD, occurring at rates of 4%--59%, depending on the diagnostic method employed.[@b42-copd-12-1989] Many explanations have been given for this association, including age, sex, smoking habit, limited daily activity, chronic hypoxemia, or corticosteroid treatment. Smoking has consistently been associated with low bone density in healthy volunteers;[@b43-copd-12-1989] therefore, it is unsurprising that this relationship is stronger in patients with COPD, in whom other factors also combine to raise the risk of developing osteoporosis. It is also interesting to note the relationship that has been established between the emphysema phenotype and an increased risk of osteoporosis suggests a common mechanism between these two conditions.[@b43-copd-12-1989],[@b44-copd-12-1989] We ourselves did not find any specific relationship between phenotypes and osteoporosis, although active smokers were more predominant in phenotypes in which this disease may occur (nonexacerbators and exacerbators with emphysema).

Conclusion
==========

Our study provides a general overview of how smoking, phenotype, and prognostic factors, such as quality of life or comorbidities, are interwoven in a large sample of Spanish patients with COPD. Some disparity between our data and those derived from similar recently published series may be due to the limitations to which all studies of this kind are subject (cross-sectional, participation of different specialists). Nevertheless, the results underline the importance of active smoking in the characterization of the disease.

Supplementary materials
=======================

###### 

Description of patient population included in the study

  Demographics                                                               
  -------------- ------- ---- ------- ------ ------- ------- ------- ------- --------
  Age (years)    1,580   30   66.71   9.67   66.24   67.19   35.00   67.00   92.00
                                                                             
                                             **n**                           **%**
                                                                             
  Age (years)                                                                
   35--60                                    422                             26.71
   61--65                                    282                             17.85
   66--75                                    560                             35.44
   +75                                       316                             20.00
   Total                                     1,580                           100.00
  Sex                                                                        
   Male                                      1,314                           82.13
   Female                                    286                             17.88
   Total                                     1,600                           100.00

                  N       NMiss   Median   SD      95% CI Low   95% CI High   Min      Median   Max
  --------------- ------- ------- -------- ------- ------------ ------------- -------- -------- --------
  Weight (kg)     1,587   23      77.77    14.53   77.05        78.48         40.00    78.00    183.00
  Height (cm)     1,585   25      166.95   7.90    166.56       167.34        130.00   167.00   194.00
  BMI (kg/m^2^)   1,581   29      27.86    4.72    27.63        28.10         13.52    27.68    68.36

  Smoking status   Frequency   \%       IC95% Inf %   IC95% Sup %
  ---------------- ----------- -------- ------------- -------------
  Smoker           891         55.41    52.98         57.84
  Ex-smoker        677         42.10    39.69         44.51
  Nonsmoker        40          2.49     1.73          3.25
                   1,608       100.00                 

                              N       Median   SD      95% CI Low   95% CI High   Min    Median   Max
  --------------------------- ------- -------- ------- ------------ ------------- ------ -------- --------
  Smoking index (pack/year)                                                                       
   Smoker                     849     65.02    94.95   58.62        71.41         1.00   40.00    900.00
   Ex-smoker                  658     61.72    88.56   54.94        68.50         1.00   45.00    800.00
   Nonsmoker                  0       --       --      --           --            --     --       --
   Total                      1,507   63.58    92.20   58.92        68.24         1.00   42.00    900.00

  Clinical characteristics                                                            
  --------------------------- ------- ----- ------ ------ ------ ------ ------ ------ -------
  Years from COPD diagnosis   1,505   105   8.95   7.93   8.55   9.35   0.00   7.00   89.00

                  N       NMiss   Median     SD       95% CI Low   95% CI High   Min      Median     Max
  --------------- ------- ------- ---------- -------- ------------ ------------- -------- ---------- ----------
  FVC (mL)        1,234   376     2,499.94   869.44   2,451.38     2,548.50      300.00   2,530.00   4,310.00
  FVC (%)         1,329   281     73.48      14.37    72.70        74.25         44.00    73.00      106.00
  FV1 (mL)        1,236   374     1,350.05   551.87   1,319.26     1,380.85      193.00   1,290.00   2,730.00
  FV1 (%)         1,345   265     54.70      15.08    53.90        55.51         26.00    55.00      87.00
  FV1/FVC (%)     1,358   252     55.37      12.17    54.73        56.02         27.00    57.00      81.00
                                                                                                     
                                                      **n**                                          **%**
                                                                                                     
  Dyspnea grade                                                                                      
   Grade 0                                            98                                             6.15
   Grade 1                                            572                                            35.88
   Grade 2                                            565                                            35.45
   Grade 3                                            318                                            19.95
   Grade 4                                            41                                             2.57
   Total                                              1,594                                          100.00

                                                 N       NMiss   Median   SD      95% CI Low   95% CI High   Min    Median   Max
  ---------------------------------------------- ------- ------- -------- ------- ------------ ------------- ------ -------- --------
  Number of exacerbations in the previous year   1,567   43      0.95     1.25    0.88         1.01          0.00   1.00     10.00
  BODEx                                          1,423   187     2.75     1.93    2.65         2.86          0.00   3.00     8.00
                                                                                                                             
                                                                          **n**                                              **%**
                                                                                                                             
  BODEx                                                                                                                      
   BODEx 0--2                                                             692                                                48.63
   BODEx 3--4                                                             449                                                31.55
   BODEx 5--6                                                             236                                                16.58
   BODEx ≥7                                                               46                                                 3.23
  Total                                                                   1,423                                              100.00

                                            N       NMiss   Median   SD     95% CI Low   95% CI High   Min    Median   Max
  ----------------------------------------- ------- ------- -------- ------ ------------ ------------- ------ -------- --------
  CAT score                                 1,591   19      20.89    8.93   20.45        21.33         0.00   21.00    40.00
                                                                                                                       
                                                                            **n**                                      **%**
                                                                                                                       
  COPD impact according to CAT                                                                                         
   None                                                                     55                                         3.46
   Low                                                                      128                                        8.05
   Intermediate                                                             559                                        35.14
   High                                                                     614                                        38.59
   Very high                                                                235                                        14.77
   Total                                                                    1,591                                      100.00
  Does the patient present comorbidities?                                                                              
   Yes                                                                      1,349                                      83.79
   No                                                                       261                                        16.21
   Total                                                                    1,610                                      100.00

                      N       NMiss   Median   SD     95% CI Low   95% CI High   Min    Median   Max
  ------------------- ------- ------- -------- ------ ------------ ------------- ------ -------- --------
  No comorbidities    1,610   0       2.00     1.42   1.93         2.07          0.00   2.00     7.00
                                                                                                 
                                                      **n**                                      **%**
                                                                                                 
  No comorbidities                                                                               
   None                                               261                                        16.21
   1 comorbidity                                      354                                        21.99
   2 comorbidities                                    460                                        28.57
   3 comorbidities                                    306                                        19.01
   +3 comorbidities                                   229                                        14.22
   Total                                              1,610                                      100.00

  Comorbidities                                                  
  -------------------------------- ------- ----- ------- ------- -------
  HBP                              1,523   958   62.90   60.48   65.33
  Diabetes mellitus                1,479   461   31.17   28.81   33.53
  Chronic ischemic heart disease   1,448   205   14.16   12.36   15.95
  Arrhythmias                      1,457   237   16.27   14.37   18.16
  Heart failure                    1,458   229   15.71   13.84   17.57
  Osteoporosis                     1,461   263   18.00   16.03   19.97
  Dyslipidemia                     1,523   853   56.01   53.51   58.50
  Dementia                         1,433   20    1.40    0.79    2.00

  COPD phenotype   Frequency   \%       95% CI Low   95% CI High
  ---------------- ----------- -------- ------------ -------------
  Phenotype A      736         46.70    44.26        49.14
  Phenotype B      229         14.53    12.81        16.25
  Phenotype C      258         16.37    14.56        18.18
  Phenotype D      353         22.40    20.36        24.43
                   1,576       100.00                

**Abbreviations:** BMI, body mass index; BODEx, body mass index, airflow obstruction, dyspnea and exacerbations; COPD, chronic obstructive pulmonary disease; CAT, COPD assessment test; FVC, forced vital capacity; FEV~1~, forced expiratory volume in 1 second; HBP, high blood pressure; NMISS, number of missing entries.
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![Diagnostic algorithm of the clinical phenotypes.\
**Note:** Adapted from Miravitlles M, Soler-Cataluña JJ, Calle M, et al. Spanish COPD Guidelines (GesEPOC): Pharmacological treatment of stable COPD. *Arch Bron coneumol*. 2012;48(7):247--257, with permission from the Sociedad Española de Neumología y Cirugía Torácica (SEPAR).[@b3-copd-12-1989]\
**Abbreviations:** COPD, chronic obstructive pulmonary disease; MCAP, mixed COPD-asthma phenotype; ACOS, asthma-COPD overlap syndrome; PBD, bronchodilator test.](copd-12-1989Fig1){#f1-copd-12-1989}

![Distribution by COPD phenotype.\
**Abbreviation:** ACOS, asthma-COPD overlap syndrome.](copd-12-1989Fig2){#f2-copd-12-1989}

###### 

Characteristics of the whole study population and stratification by smoking habit

  Variables                 Total population    Active smokers      Non smokers         *P*-value
  ------------------------- ------------------- ------------------- ------------------- -----------
  Sex (n, %)                                                                            
   Male                     1,314 (82.1)        738 (56.2)          574 (43.8)          0.39
   Female                   286 (17.9)          152 (53.3)          133 (46.7)          
  Age (years)               66.7 (66.2--67.2)   67.0 (66.4--67.7)   66.3 (65.6--67.0)   0.12
  BMI (kg/m^2^)             27.9 (27.6--28.1)   27.7 (27.4--28.0)   28.1 (27.7--28.4)   0.10
  Dyspnea grade             1.8 (1.7--1.8)      1.8 (1.8--1.9)      1.7 (1.6--1.8)      0.003
  Spirometry                                                                            
   FVC (L)                  2.5 (2.4--2.6)      2.5 (2.4--2.6)      2\. 5 (2.4--2.6)    0.89
   FVC (%)                  73.5 (72.7--74.2)   73.4 (72.3--64.4)   73.6 (72.7--74.2)   0.75
   FEV~1~ (L)               1.3 (1.3--1.4)      1.4 (1.3--1.4)      1.3 (1.3--1.4)      0.56
   FEV~1~ (%)               54.7 (53.9--55.5)   54.2 (53.1--55.4)   55.3 (54.1--56.5)   0.18
   FEV~1~/FVC               55.4 (54.7--56.0)   55.2 (54.3--56.1)   55.5 (53.9--55.5)   0.64
  CAT score                 22.0 (21.4--22.7)   20.5 (19.6--21.4)   23.3 (22.5--24.1)   \<0.001
  BODEx                     2.7 (2.6--2.8)      2.8 (2.7--3.0)      2.7 (2.5--2.8)      0.15
  Number of comorbidities   2.0 (1.9--2.1)      2.1 (2.0--2.2)      1.9 (1.8--2.0)      0.07

**Note:** Data presented as mean (95% confidence interval), unless otherwise stated.

**Abbreviations:** CI, confidence interval; BMI, body mass index; FVC, forced vital capacity; FEV~1~, forced expiratory volume in 1 second; CAT, COPD assessment test; BODEx, body mass index, airflow obstruction, dyspnea and exacerbations.

###### 

Patient characteristics and COPD severity according to phenotype and smoking habit

  Variables                 Non-exacerbators                                                ACOS                Exacerbators with emphysema   Exacerbators with chronic bronchitis
  ------------------------- --------------------------------------------------------------- ------------------- ----------------------------- ---------------------------------------------------------------
  Sex (n, %)                                                                                                                                  
   Male                     618 (47.9)                                                      167 (13.0)          209 (16.2)                    296 (22.9)
   Female                   117 (42.2)                                                      60 (21.7)           48 (17.3)                     52 (18.8)
  Age (years)               66.2 (65.5--67.0)                                               64.8 (63.5--66.2)   67.9 (66.7--69.0)             68.1 (67.1--69.1)
  Spirometry                                                                                                                                  
   FVC (L)                  2.6 (2.5--2.7)                                                  2.5 (2.3--2.7)      2.3 (2.2--2.4)                2.3 (2.2--2.4)
   FVC (%)                  74.4 (73.3--75.5)                                               75.1 (73.1--77.1)   71.3 (69.2--73.4)             72.1 (70.4--73.7)
   FEV~1~ (L)               1.4 (1.4--1.5)                                                  1.4 (1.3--1.5)      1.1 (1.1--1.2)                1.3 (1.2--1.3)
   FEV~1~ (%)               56.6 (55.4--57.7)                                               60.8 (58.8--62.8)   46.6 (44.6--48.6)             52.6 (50.9--54.2)
   FEV~1~/FVC               56.0 (55.1--56.9)                                               60.0 (58.4--61.7)   49.3 (47.6--51.0)             55.3 (54.0--56.6)
  Smoking habit (n, %)                                                                                                                        
   Active smokers           401 (54.6)                                                      112 (48.9)          152 (58.9)                    203 (57.7)
   Non-active smokers       334 (45.4)                                                      117 (51.1)          106 (41.1)                    149 (42.3)
  Dyspnea grade                                                                                                                               
   Active smokers           1.5 (1.4--1.6)                                                  1.7 (1.5--1.9)      2.3 (2.2--2.5)                2.2 (2.1--2.3)[a](#tfn3-copd-12-1989){ref-type="table-fn"}
   Non-active smokers       1.4 (1.3--1.5)                                                  1.6 (1.5--1.8)      2.3 (2.1--2.4)                1.9 (1.8--2.0)
  CAT score                                                                                                                                   
   Active smokers           16.6 (15.4--17.8)[a](#tfn3-copd-12-1989){ref-type="table-fn"}   24.0 (22.1--26.5)   24.6 (22.7--26.5)             23.5 (21.4--25.7)[a](#tfn3-copd-12-1989){ref-type="table-fn"}
   Non-active smokers       20.0 (18.9--21.1)                                               25.3 (23.4--27.2)   26.8 (24.7--28.9)             26.8 (25.0--28.6)
  BODEx                                                                                                                                       
   Active smokers           2.1 (1.9--2.3)                                                  2.2 (1.8--2.6)      4.2 (3.9--4.6)                3.5 (3.2--3.8)
   Non-active smokers       2.0 (1.8--2.2)                                                  2.3 (2.0--2.7)      4.3 (4.0--4.7)                3.2 (2.9--3.5)
  Number of comorbidities                                                                                                                     
   Active smokers           1.7 (1.6--1.9)                                                  2.1 (1.9--2.3)      2.1 (1.4--2.4)                2.7 (2.5--2.9)[a](#tfn3-copd-12-1989){ref-type="table-fn"}
   Non-active smokers       1.6 (1.4--1.7)                                                  2.1 (1.8--2.3)      2.5 (1.9--2.4)                2.4 (2.2--2.6)

**Notes:**

*P*\<0.05 between active and non-active smokers in each phenotype category. Data presented as mean (95% confidence interval), unless otherwise stated.

**Abbreviations:** CI, Confidence Interval; ACOS, asthma-COPD overlap syndrome; CAT, COPD assessment test; BODEx, body mass index, airflow obstruction, dyspnea and exacerbations; FEV~1~, forced expiratory volume in 1 second; FVC, forced vital capacity.

###### 

Factors associated with active smoking in the multivariate analysis

  Variables                  OR      95% CI         *P*-value
  -------------------------- ------- -------------- -----------
  CAT (11--20 vs 0--10)      1.141   0.769--1.693   0.51
  CAT (21--30 vs 0--10)      0.700   0.472--1.038   0.08
  CAT (31--40 vs 0--10)      0.301   0.187--0.487   \<0.001
  BODEx (3--4 vs 0--2)       1.202   0.914--1.581   0.19
  BODEx (5--6 vs 0--2)       1.637   1.151--2.328   0.006
  BODEx (≥7 vs 0--2)         2.051   1.031--4.080   0.040
  Osteoporosis (yes vs no)   1.610   1.145--2.265   0.006

**Abbreviations:** OR, odds ratio; CI, confidence interval; CAT, COPD assessment test; BODEx, body mass index, airflow obstruction, dyspnea and exacerbations.
